THE RELATIVE POSITION OF ULTRA-VIOLET RAYS IN THE ELECTROMAGNETIC
SPECTRUM.
The electromagnetic spectrum is composed of a continuous series of eighty known octaves of radiant energy, invisible and visible, classified according to wave length and frequency. Wave length is the distance between any two corresponding points on successive waves in the direction of propagation, and is commonly measured in terms either of the Angstrom unit (A.U.), whose length is one ten-millionth of a millimetre, or of the micron (0), one thousandth of a millimetre. Frequency is calculated by dividing velocity of transmission by wave length. Thus, since all electromagnetic waves travel through a vacuum with a uniform velocity of 186,300 miles per second, the shorter the wave length the more rapid is the frequency of the periodic vibration of its electrons.
Starting at the zero end of the spectrum, a progressive increase of wave length takes place from the shortest known rays recently discovered by Millikan, through the very short gamma rays emitted by radium, onward through X-rays to the five octaves of ultra-violet. These are divided into extreme (with which we are not directly concerned), middle (2,000-3,000 A.U.), and near ultra-violet rays (3,000-3,900). Then follow luminous rays (3, 700 ). If we repeat Newton's original experiment (1666) , and pass through a prism a beam of white light, it becomes diffracted into its characteristic violet, indigo, blue, green, yellow, orange and red primary rays. Hence, transferring to its appropriate place in the electromagnetic spectrum this visible colour band, we find that it occupies only one octave, or one eightieth part of the sum-total of radiant energy. These luminous rays are succeeded by infra-red or heat rays, and passing further through Hertzian waves, the longer of which are used in wireless, we find at the opposite end of the spectrum the longest wave lengths of slow oscillation. Luckiesh states that if visible light be represented by one foot, the entire spectrum would extend several million miles in length. AU Comparison of the spectra shows that the tungsten arc affords the greatest amount of short ultra-violet rays, the mercury arc being intermediate in action with a discontinuous spectrum containing more of the middle ultra-violet rays, whilst the cored-carbon arc yields a continuous and even radiation approximating closely to that of the solar spectrum.
For biological irradiation I prefer the carbon arc, and in private practice I use the quadruple arc with core carbons, having solid cores of boron, calcium, magnesium, and aluminium in descending order, which gives very uniform and satisfactory results. With Professor Sonne I hold that these biological effects are not solely a question of ultra-violet energy, but that the luminous rays "possess a faculty of heating to a high degree the sanguiferous layers of the skin and of the underlying tissues, and that this heating is a factor of great importance." Incidentally, heat production serves as a guide to dosage, for, if the patient's skin begins to feel uncomfortably warm, treatment can be stopped at the point of inducing erythema, which constitutes the biological dosage usually to be aimed at, in order to raise the immunizing power of the tissues.
Clinical evidence in support of these views is derived from the extremely good results which follow the use of the carbon arc and outweigh the therapeutic effects attained from the use of "cold" lamps, such as the mercury-vapour and tungsten arcs. In fact, many workers have more or less unwittingly reached this conclusion by employing the Sollux or other forms of luminous heating preceding the use of the " cold" lamp, or two carbon arcs in combination with a quartz-mercury arc, and have thereby secured better results. BIOLOGICAL EFFECTS OF ULTRA-VIOLET, LUMINOUS AND INFRA-REP RAYS.
Depth of penetration varies directly with increasing wave length down to the red end of the luminous spectrum, and with intensity of radiation which varies as the square of distance from the source.
2,400 A.U. represents the threshold of penetration. Rays shorter than this are absorbed by the oxygen of the air. The lower half of the middle ultra-violet series becomes correspondingly more active as the wave lengths increase from 2,400 to 3,000 A.U., the most potent being close to 3,000 A.U. These, however, penetrate only from 80 to 130 microns. The middle rays presumably get through the horny layer of the epidermis in which they are wholly absorbed, whilst the near ones reach the blood-capillary layer. Luminous rays, according to Professor Leonard Hill, go deeper and are absorbed in blood, muscles and joints, whereas the infra-red rays apparently get no further than the superficial skin layers. Rays must be absorbed in order to become effective, and in this process electrochemical and other changes are set up.
GERMICIDAL PROPERTIES OF ULTRA-VIOLET RAYS.
Wave lengths shorter than 2,800 A.U. appear to have abiotic properties, and to be lethal to many organisms and bacteria, but their uses are limited, since they penetrate only about 2 microns of tissue. Relatively deep sterilization may be effected by staining the tissue cells with fluorescent dyes, or bv injecting these. Increased lymphocytosis results from wave lengths longer than 2,800 A.U. Dr.
at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Colebrook, Dr. L. Hill, and Dr. Eidinow' believe that the germicidal powers of the blood are enhanced by partial systemic doses sufficient to produce erythema from five to ten minutes twice a week, and that longer exposures lessen this effect, since the skin has the power of immunizing itself against these rays, with resultant thickening of the horny layer by reason of the inflammatory reaction set up. Many further investigations on hiemobactericidal power, however, are necessary before any really absolute conclusions as to this can be reached.
ANALGESIC PROPERTIES OF ULTRA-VIOLET RAYS. Research is urgently needed as to the anesthetic and analgesic properties of ultra-violet rays, since these may ultimately prove to be of considerable practical importance. It is certain that they relieve pain, whether of superficial areas or deeper viscera, though we do not understand the mechanisms involved. It may be that superficial pain sensations are allayed by direct action on interepithelial nerve fibrils, and that visceral pains are favourably influenced by lessening of internal congestion through derivation of blood to the surface capillaries, or by irradiation of the cerebrospinal nervous system, but all these are mere conjectures.
(1) Protein Metabolism.
It is probable that ultra-violet energy does not influence metabolism in general, but only special kinds, particularly protein metabolism as measured by the urinary nitrogenous metabolism which is increased. Recently, whilst in Switzerland, I was told by Professor Loewy that animals and human beings sensitized by injections of dyes exhibit qualitative changes in protein metabolism, the percentage of ammonia being increased from a normal 4 per cent. up to 6 or even 8 per cent.
(2) Mineral Metabolism. (a) Calcium Metabolism.-Subsequent to irradiation the absolute amount of calcium increases in the blood with a relative decrease of the potash, whilst in the urine, potash increases relatively to the calcium. The deeper internal action of ultra-violet rays, whether associated with luminous rays or no, is probably exercised directly upon the glands of internal secretion. Deficient calcium metabolism is connected in a certain group of cases with deficient parathyroid secretion. Systemic irradiation increases the amount of parathyroid parenchyma, with resultant increase of parathyroid secretion. In this regard the experiments of Grant and Gates2 are of considerable importance. These observers irradiated normal clipped rabbits daily for thirty minutes at one metre from a quartz-mercury lamp during three to seven weeks so as to produce pronounced erythema and desquamation, followed by moderate pigmentation. Changes in absorption and excretion of calcium and in the calcium level of the blood took place, and the blood-calcium concentration rose to 12'9 mgm. per kilo. of body weight as compared with 11'9 mgm. in sixty control animals. At autopsy the parathyroid glands manifested relative increase of 32 per cent. above normal weights, the gland hypertrophy being due to a true parenchymatous hyperplasia.
Whether ultra-violet energy acts primarily on calcium absorption and excretionso causing a rise of blood-calcium which results in parathyroid hypertrophy-or whether the primary action is upon the glands themselves, remains to be determined. In any event, these experiments form an additional link in the chain which unites the parathyroid glands with calcium metabolism.
(b) iron Metabolism.-This responds as quickly and as surely to ultra-violet radiation as do rickets, tetany, and other such diseases associated with calcium deficiency. By changes primarily induced in the bone-marrow, excess or deficiency of red blood-cells and of haemoglobin is alike balanced. Levy' found that mice artificially rendered anamic showed improvement in the condition of the bonemarrow and spleen after irradiation, whilst similar effects have been demonstrated by Combe2 in cases of intestinal auto-intoxication in man. In this way are explained the results obtained in chlorosis, which are brilliant, as well as the improvement in secondary anemias and in the opposite condition of erythrmmia, where, in a man aged 62, Lorand found a fall in the red-cell count from 7k million to 5k million after *seven weeks' treatment, along with the return to normal size of the previously enlarged spleen and liver. (c) Phosphorus and Iodine Metabolism.--Here the results are not so striking as in the case of calcium. In the blood the absolute amount of inorganic phosphates shows increase. The thyroid gland manifests greater iodine content, and hypothyroidic conditions are benefited. A balancing action in the opposite direction is observed in hyperthyroidism.
(d) Regulation of Oxidative Functions and of Internal Secretions.-iRestoration
of metabolic balance may further be instanced by the influence exerted by ultra-violet energy on conditions such as endogenous obesity and diabetes, where cases which are at a standstill become powerfully activated towards return to normal weight. Myxcedematous infiltration lessens and neurasthenias steadily improve. Other processes of suboxidation often associated with nervous manifestations, such as the rheumatic diathesis, are benefited. Old age and premature senility, with their attendant atrophic phenomena, such as falling out of the hair, are both suboxidative conditions allied with degeneration of all the ductless glands, and in these latter, as well as in obesity, ultra-violet radiation, when combined with administration of glandular extracts and iodine, gives excellent results in a short time. This combination is synergic, acting in a similar way upon general metabolism; it powerfully augments oxidation, promotes organic combustions, activates mineral metabolism, increases blood-formation and circulation, and aids the functions of the nervous system. Thus, by acting as sensitizers, glandular extracts intensify the deeper actions of ultra-violet rays.
(e) Elimination.-A point to which apparently attention has not previously been drawn is the effect of ultra-violet energy upon the kidneys. Shortly after biological irradiation, micturition becomes more frequent and an increased quantity of urine is passed, with an increase in the total solid constituents. Old subjects with deficient elimination through renal inadequacy, and tendencies to acidosis and acidemia, pass greater quantities of urine than usual, of high colour, with increased urates and other solids. 
SELECTION OF CASES FOR TREATMENT.
In place of haphazard irradiation on the "hit-or-miss" principle, one can arrive at a closer idea as to suitability or not by (a) preliminary careful physical investigation, combined with (b) estimations of arterial pressure, particular attention being paid to the diastolic limit, (c) blood-counts, (d) tests of basal metabolism, (e) biochemical tests of blood and urine, and (f) erythema tests or other tests of dosage.
Biochemically, ultra-violet radiation, like sunlight, swings the acid-base equilibrium of the tissues towards acidity. The normal ratio of free to combined acid in the rest urine, as Dr. Henry Ellis 8 has shown, is 1: 2. If, in a disease such I Levy, M., Strahlentherapie, 1924, Bd. xviii. 2 Combe, " L'auto-intoxication Intestinale," Paris, 1908. Section o0 Comparative Medicine as pulmonary tuberculosis, this ratio nears equality, the body is reacting to the limits of its capability, and is already drawing heavily on its defensive mechanisms. An extra strain will lower resistance, and thus it would be unwise to expose such patient either to artificial or natural light. With a normal 1: 2 ratio one is safe, and ratios greater than this benefit from ultra-violet rays proportionally to the increase in alkalinity.
CHEST DISEASES WHICH BENEFIT FROM ULTRA-VIOLET IRRADIATION.
More detailed discussion of the numerous maladies in which it is claimed that ultra-violet energy has proved successful I leave to succeeding speakers, and will only briefly touch upon one or two with which, as a physician concerned with chest diseases, I am brought most into contact. My experience is that early and moderate grades of pulmonary tuberculosis do well, as is explicable if one regards this disease from the metabolic standpoint of calcium deficiency, characterized by depression of the acid-base equilibrium in the direction of alkalinity, and often associated with assimilation errors. Contra-indications to ultra-violet therapy are (a,) fever, with rapid breaking down of lung tissue, and (b) active toxemia.
At Mount Vernon Hospital and in the out-patient department belonging to it, we have installed ultra-violet lamps of the three main types, and with these have obtained encouraging results in all forms of tuberculosis, certain types of asthma and bronchitis, pleurisy and other lung conditions. In most children with enlarged mediastinal and cervical tuberculous glands considerable diminution in size of these and of the extent of shadow at the lung roots is evident on comparison with X-rays before and after six to twelve weeks' treatment with the carbon arc. With the tungsten arc we have found general improvement, but much less effect upon the glands. Comparative radiograms (exhibited) taken by Dr. J. E. A. Lynham, of tuberculous disease of the left wrist in a woman, aged 36, previously treated by immobilization for several months without benefit, show complete healing to have taken place after twenty-three exposures to the tungsten arc. The patient has since been able freely to use the wrist and to do all her own housework, including the scrubbing of floors. Several of my cases of early exophthalmic goitre with the carbon arc have shown reduction in size of the thyroid gland, with amelioration of other symptoms.
Many diastolic and systolic arterial pressures are lowered by biological doses sufficient to produce slight erythema, and I regard this method as one of the best at our disposal for reduction of arterial pressures which are too high, and the raising of those which are too low. Subsequent dosage at intervals suffices to keep the pressures within standard limits. Hyperpiesia is more amenable to reduction than is hyperpiesis with redal involvement. Nevertheless, many of these latter cases do remarkably well, and in all cases exhibit marked general improvement.
When one speaks of ultra-violet therapeutic effects, till now it has only been possible to refer to the clinical results attained within one's own experience or that of others. By such procedure it is difficult to arrive at definite conclusions, by reason of the immense number of variables involved, and, although clinicians have succeeded in pointing out certain paths along which ultra-violet therapy is likely to lead to successful issues, the science of this subject is still lamentably incomplete. Probably the most important single effect produced by ultra-violet rays is that of oxidation.
The medical profession is eagerly awaiting the results of proved observations on the part of physicists, biochemists and physiologists working in collaboration. Some little has already been done, but much remains to be done. I would urge for consideration that, starting with standard electrodes, standard strengths of current, standard positions of subject at standard distances from the arc, and standard lengths' of exposure, the effects of small groups of measured wave lengths at definite intensities of radiation should be carefully studied.
Within the limits of time at my disposal it is impossible to do more than touch the fringe of this interesting subject, and I have tried to concentrate on some aspects of it which appear to me either of practical importance or not to have received sufficient attention.
